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Introduction
Alkynylsilanes are attractive synthons for chemical transformations. These compounds serve as ligands to afford π− and σ-acetylide complexes of various nature with metals [1] . Alkynylsilanes have been used in resins and as rocket fuels [2] . Metal-based silane oligomers and polymers have been reported to show photoconduction, photolumeniscence, and excellent thermal stability [1a,3] . The hydroboration and organoboration reactions of alkynylsilane derivatives have been studied in great detail following the work done by Brown et al. [4, 5] . These reactions have been extensively used in organic chemistry, and they have gotten a well-established position in inorganic synthetic chemistry. Particularly the inorganic silicon heterocycles are of great importance. These heterocycles comprise 4-and 5-membered rings of various nature [6] [7] [8] [9] [10] [11] . In comparison to other methods, these heterocycles are formed in a simple, highly selective, and straightforward way using alkynylsilane chemistry [12] . Among heterocyclic compounds, 1-silacyclohex-2-ene derivatives are very rare, owing to the unavailability of appropriate synthetic methods. Literature reports show that analogous compounds have been obtained as a result of side reactions along with several other products [13] . Various synthetic approaches have been explored to obtain these compounds. In addition to their syntheses, functional groups at various positions pose another challenge. Two representative examples of boryl-substituted 1-silacyclohex-2-enes A and B have been reported so far, bearing different substituents at positions 1, 2 and 3, as shown in Scheme 1 [14] [15] [16] . Both of these compounds have been obtained by different routes. Following the relatively simple and efficient route of hydroboration [17] for the synthesis of 1-silacyclohex-2-ene analogous to B, novel functionalities were included Central European Journal of Chemistry on Si at position 1 and the main focus was to explore further chemistry of these groups.
In this study, the Si-H, Si-Alkynyl and C-B bonds were taken into account because they invite for further chemistry and could easily be replaced by other suitable functionalities.
Experimental procedure
All preparative work and handling of air sensitive chemicals were carried out under dry argon atmosphere. Dry solvents and oven-dried glassware were used throughout the synthesis. The silanes 1 and 2 serving as starting materials were prepared following the literature procedure [18] [19] [20] . Crystalline 9-borabicyclo[3.3.1] nonane (9-BBN), allydichlorosilanes, and n-butyllithium ( n BuLi) in hexane (1.6 m) were commercial products and were used as received. NMR spectra were recorded on Varian Inova 300 MHz and 400 MHz spectrometers (23±1°C), both equipped with multinuclear units, using C 6 D 6 solutions unless mentioned otherwise (concentrations ca. 10-15% v/v) 
Preparation of starting silanes 1 and 2
A freshly prepared suspension of Li-C≡C-Ph (25 mmol) in hexane (50 mL) [22] was cooled at -78°C and allyldichlorosilane (12.5 mmol) was added slowly following the literature procedure [18] [19] [20] . Solid LiCl was separated from the reaction mixture and all volatiles were removed under reduced pressure. The oily liquid was subjected to fractional distillation and a partially substituted fraction, C 3 H 5 (H)Si(C≡C-Ph)Cl formed in negligible amount was removed as side product. 122.7, 132.4, 128.5, 129.3 (i, o, m, p, Ph) ; 29 Si NMR data (59.6 MHz): δ ppm = -60.1.
2:
1 H NMR data (400 MHz): 
2.2.
A Schlenk tube was charged with a solution of 2 (1.35 g, 4.7 mmol) in THF and one equivalent of 9-BBN (0.59 g, 4.7 mmol). The reaction mixture was stirred at room temperature for 1-2 h. All volatile materials were removed under reduced pressure (10 -2 Torr) and the remaining oily product was dissolved in C 6 D 6 and studied by NMR spectroscopy. NMR data reveal that 1-silacyclohex-2-ene derivative 6, is formed in quantitative yield (ca. 98%). The compound 6 was dissolved in toluene (10 mL) and an equivalent of solid 9-BBN dimer (0.59 g) was added. The reaction mixture was heated to 80°C. After 1 h all volatile materials were removed in a vacuum and the remaining oily product was identified as 7 from its characteristic NMR data. The 1-silacyclohex-2-ene derivative 5 was prepared exactly in the same way.
5:
1 H NMR data (400 MHz): Hydroboration of dialkyn-1-yl(allyl)silane 1 and 2 with one equivalent and two equivalents of 9-BBN
7:
1 H NMR (400 MHz): 
Protodeborylation of 1-silacyclohex-2-ene derivatives 5 and 6
A known amount of 6 (0.38 g, 1.07 mmol) was treated with copious amounts of acetic acid in hexane at 25°C. The reaction solution contained the desired silane 9 and a boron-oxygen compound 11 (NMR data). The bicyclic boron-oxygen compound was separated following the literature procedure [23] . All other reactions were performed exactly in the same way. In case of 1-silacyclohex-2-ene, 5 the same reaction caused the removal of boryl group as well as Si-H function to afford 1-acetoxy-1-silacyclohex-2-ene derivative 8. Protodeborylation of silane 7 was carried out in the same way, affording silane 10 in reasonable purity and quantity (ca. 90%, NMR data).
8:
1 H NMR data (300 MHz): δ ppm = 1.6 (s, 3H, Me), 1.3-1.4 (m, 2H, C 6 -H), 1.8 (m, 2H, C 5 -H), 2.1 (m, 2H, C 4 -H), 6.8 (t, 1H, C 3 -H), 6.9, 7.1-7.3, 7.7 (m, m, m, 10H, Ph).
9:
1 H NMR (400 MHz): δ ppm = 0.5 (s, 3H, Si-Me), 0.9, 1.4, 2.3 (m, m, m, 6H, C 6 H 2 , C 5 H 2 , C 4 H 2 ), 6.9 (t, 1H, 7.3, 7.4, 7.6, 7.8 (m, m, m, m, 10H, Ph) .
10:
1 H NMR (400 MHz): δ ppm = 0.1 (s, 3H, Si-Me), 0.6, 0.7, 2.1 (m, m, m, C 6 H 2 , C 5 H 2 , C 4 H 2 ), 5. 
Results and discussion

Synthesis of starting silanes
The starting silanes 1 and 2 were prepared by following a well-established method described in the literature [18] [19] [20] . These silanes were obtained in reasonably pure form ≥90% and were further purified by fractional distillation. Silane impurities with lower molecular weights were removed (data for these fractions were not collected) and the remaining oily liquids were used in onward reactions. NMR data, particularly concrete information regarding the structure of silanes (Fig. 1, and experimental part) .
3.2.
Silanes 1 and 2, bearing both C=C on allyl and C≡C on alkynyl groups, were treated with 9-BBN, a well-known hydroborating reagent [24] at ambient temperature. We expected that 9-BBN would selectively react with terminal C=C leaving the C≡C functionalities untouched [25] . As shown in our previous studies [26] , the 9-BBN preferred the terminal C=C on allyl group leading to silanes 3 and 4 as intermediates in the first step (Scheme 2). These intermediates are highly unstable (data were not collected) and immediately rearrange to afford the desired products, 1-silacyclohex-2-ene derivatives 5 and 6 in reasonably good yield ≥95%. The reactions were continuously monitored by NMR spectroscopy ( 29 Si-NMR), showing the completion within an hour. To ensure maximal product formation, the reactions were left stirring for one more hour under the same conditions. After the work-up the NMR data were collected for 1-silacyclohex-2-ene derivatives. The data are compared with those obtained for the starting silanes as well as for the analogous reported compounds [14] [15] [16] . The formation of 1-silacyclohex-2-enes 5 and 6 are clearly indicated by the considerable changes in 29 Si NMR chemical shifts from -60.1 ppm (silane 1) to -53.1 ppm (5) and from -39.9 ppm (Silane 2) to -34.3 ppm (6), respectively. In 13 C data, the olefinic carbons (C-2) of 1-silacyclohex-2-ene ring appeared at 136.2 and 139.6 ppm, accompanied by 29 Si coupling satellites with 1 J( 29 Si, 13 C) coupling constants 68.4 Hz for heterocycles 5 and 6, respectively. The signal of C-3 linked to boron atom of the BBN moiety is typically broad [27] . The remainder of the Si-C≡C moiety is also visible in 13 C NMR spectra (see footnote of Table 1 ). Si NMR data [a] of 1-silacyclohex-2-ene derivatives. 123.4, 126.7, 128.5, 128.6, 128.7, 128.8, 132.3, 146.2 (Ph) ; [c] Other 23.6, 32.8 (br), 34.4, 107.1 [16.1] (C≡), 123.9, 132.3, 128.4, 128.6 (i, o, m, p, 146.0, 129.0, 128.4, 126.4 (i, o, m, p, Ph) ; [d] Other 13 C data: 34.8, 34.6, 34.6, 34.2, 32.7 (br), 31.8 (br), 23.6, 152.1 (br) ((B)C=), 152.9 (=C), 146.8, 141.2, 129.7, 129.3, 128.3, 128.2, 128.1, 126.1 (Ph) ; [e] 122.5, 132.4, 128.5, 129.3 (i, o, m, p, 142.7, 128.7, 127.3, 126.9 (i, o, m, p 123.6, 132.2, 128.5, 128.8 (i, o, m, p, 144.2, 128.7, 127.1, 126.5 (i, o, m, p, ; [g] 148.3 (=CH), 144.9, 140.2, 128.7, 128.6, 128.2, 127.8, 127.1, 126.3 (Ph) . Scheme 2. Hydroboration reaction of allylbis(phenylethynyl)silane 1 and 2 with 9-BBN.
Hydroboration of Dialkyn-1-yl(allyl)silanes 1 and 2
The data regarding the coupling constants were confirmed by 29 Si NMR spectroscopy of the respective compounds.
3.3.
Silanes 5 and 6 were analyzed by NMR spectroscopy and their structures as given in Scheme 2 were concluded. The NMR data show that under the given conditions C≡C does not react and compound 7 was not formed even in a trace amount. These results indicated that harsh conditions are required for the hydroboration of the remaining functionality, C≡C bond. Therefore, 1-silacyclohex-2-ene 6 was mixed with one equivalent of 9-BBN in toluene and the reaction mixture was heated to 80°C for 30-40 minutes. The reaction afforded 1-silacyclohex-2-ene 7 in good yield (≥80%, NMR data).
The NMR data obtained for compound 7 is in good agreement with the proposed structure (Scheme 3). The signals from olefinic B(Si)C=C(H)Ph carbons are dominant and are helpful in the structural elucidation. The signal of the carbon linked to boron atom is typically broad owing to the partially relaxed 1 J( 13 C, 11 B) spinspin coupling [27] . The signal of =C(Ph) appears in the characteristic region (152.9 ppm) of olefinic carbons.
Protodeborylation reactions
Compounds 5, 6 and 7 bearing boryl group are air and moisture sensitive and thus, cannot be handled in open air. The B-C group is an attractive function for numerous chemical transformations [4a,28,29] . The next objective Scheme 3. Hydroboration of 1-alkynyl-1-silacyclohex-2-ene 6 at elevated temperature.
Scheme 4. Reaction of boryl-substituted 1-silacyclohex-2-ene derivatives and acetic acid to afford protodeborylated products.
Hydroboration of 1-Silacyclohex-2-ene derivative 6 bearing alkynyl function of our study was to replace the boryl by another suitable group, preferably hydrogen. The boryl-substituted compounds were treated with an excess of glacial acetic acid in hexane [30] . The boryl group was easily removed and H-substituted products were formed. The bicyclic boron-oxygen compound 11 has earlier been isolated and structurally fully characterized in solution state by NMR and in solid state by X-ray diffraction [23] . In our previous study, the Si-Cl functionality showed increased stability towards the substitution and remained intact in contact with acetic acid for a prolonged period of time [26] . Adversely, the Si-H function of compound 5, is highly unstable in the medium and was therefore replaced by acetoxy group under mild reaction conditions (Fig. 2) .
Structures of protodeborylated compounds 8-10 can be deduced from the consistent set of NMR data presented in Table 1 and in the Experimental section. The obtained data are in good agreement with the proposed structures. The appearance of =CH proton in the 1 H-NMR spectra and the disappearance of broad signals in the 13 C NMR spectra corresponding to the olefinic carbon linked to boron conclude the structures represented in Scheme 4.
Conclusions
The combination of 1,2-hydroboration and 1,1-organoboration reactions successfully afford 1-silacyclohex-2-ene in good quantity. The introduction of terminal C=C bond in addition to C≡C takes the hydroboration/organoboration chemistry in a new direction. This study gives new insights in boron chemistry. Si-OCOCH 3 is an interesting functional group and may be used for the formation of novel silylium cations etc. 
